OBJECTIVE: To investigate the changes of visceral fat, as compared with total and subcutaneous adipose tissue (AT) in obese patients operated with laparascopic adjustable silicone gastric banding (LAP-BAND). SUBJECTS: Six premenopausal morbid obese (body mass index range: 41.4 ± 44.2 kgam 2 ) women, aged 38 ± 42 y, operated with LAP-BAND, evaluated before, 8 weeks after, and 24 weeks after surgery. MEASUREMENTS: Fat distribution was analysed by total body multi-slices MRI. Total AT, gluteo-femoral subcutaneous AT, abdominal subcutaneous AT, and abdominal visceral AT volumes were measured. FM was calculated from MRI-determined total AT volume and AT density. RESULTS: A weight loss of 9.9AE AE3.8 kg was observed in the ®rst 8 weeks after LAP-BAND (0 ± 8 weeks), and a further weight loss of 7.1AE AE4.9 kg in the subsequent 16 weeks (8 ± 24 weeks). Total AT showed a statistically signi®cant reduction of 6.2AE AE4.0 l in 0 ± 8 weeks and a further signi®cant reduction of 7.7AE AE3.9 l in 8 ± 24 weeks (P`0.01 from baseline). A similar trend was observed for both abdominal and gluteo-femoral subcutaneous AT. Visceral AT showed a statistically signi®cant reduction of 1.0AE AE0.9 l in the 0 ± 8 weeks (P`0.05) and a further non-signi®cant reduction of 0.6AE AE0.7 l in 8 ± 24 weeks (P`0.05 from baseline). In 0 ± 8 weeks, the relative reduction of visceral AT was higher than the relative reduction of both total AT and gluteo-femoral subcutaneous AT. A highly signi®cant correlation was observed between the reduction of total AT and the reduction of both abdominal and gluteo-femoral subcutaneous AT. By contrast, in 0 ± 8 weeks, the reduction of total AT and the reduction of visceral AT were not correlated. In a subsequent analysis, both observations collected in the ®rst 8 weeks after LAP-BAND and observations collected in the last 16 weeks are simultaneously considered, leading to a total of 12 time periods (two time periods for each individual patient). In order to identify factors associated with preferential visceral fat reduction, we calculated for each of the 12 time periods the difference between the percentage changes of visceral AT and the percentage changes of total AT. The relationship between this difference and several other variables were investigated by simple correlation analysis. The only variables found to be associated were the initial visceral AT volume, the absolute level of weight loss (kg) per week of observation, and the relative level of weight loss (%) per week of observation. CONCLUSION: In the phase of rapid weight loss following LAP-BAND, a preferential mobilization of visceral fat, as compared with total and subcutaneous AT, can occur. However, this preferential visceral fat reduction occurs only in those patients presenting higher levels of visceral fat deposition at baseline and higher levels of weight loss.
Introduction
It is now generally well accepted that the accumulation of visceral intra-abdominal fat is a major contributor to the development of hyperinsulinaemia, insulin resistance, impaired glucose tolerance and dyslipidaemia in obese patients. 1 ± 5 Moreover, it has been demonstrated that the impressive improvements of glucose and lipid metabolism observed after weight loss in premenopausal women with visceral obesity are strictly associated with a reduction of visceral fat. 6 Reduction of visceral fat should therefore be considered a major goal of any intervention in the treatment of obesity. However, as noted by Kopelman in a recent review, 7 there is surprisingly little published information about the effects of energy restriction on intra-abdominal fat.
In this study, we investigated the changes of visceral fat deposits, as compared with total and subcutaneous adipose tissue (AT), in a small group of premenopausal morbid obese women operated with adjustable silicone gastric banding. This gastric restriction procedure has been shown to produce a sustained weight loss in the majority of morbid obese patients operated on. 8, 9 The changes in total and regional AT after surgery were investigated with total body multi-slices magnetic resonance imaging (MRI). MRI gives valid estimates of the amount and distribution of body fat, as tested both by comparisons with computerized tomography 10 and by validation studies with cadaver analysis both in humans 11 and in pigs. 12 The absence of radiation exposure makes this method particularly suitable for a study involving repeated measurements on a short interval. Additional information about body composition and anthropometric and metabolic characteristics of the subjects both before and after surgery was also collected.
Methods

Experimental design
Six pre-menopausal women aged 38 ± 42 y operated with laparoscopic adjustable silicone gastric banding (LAP-BAND) for morbid obesity participated in the study. The standard clinical protocol used at our institution for the selection of obese patients as candidates for obesity surgery has been previously described. 13 According to standardized inclusion criteria, 14 only patients with body mass index (BMI) higher than 40 kgam 2 are considered for surgery. Less severely obese patients (BMI between 35 and 40 kgam 2 ) also may be considered if they are patients with high-risk comorbid conditions or physical problems interfering with lifestyle. However, none of the six obese women included in this study had BMI lower than 40 ). All patients were extensively screened to exclude endocrine diseases or general conditions not related to obesity that could reduce longevity. None of the subjects were treated with drugs known to affect the variables measured both before and after LAP-BAND. All patients gave their written informed consent to the experimental procedures. The ethical committee at our institution approved the study protocol.
The patients were evaluated before, 8 weeks after, and 24 weeks after LAP-BAND. The baseline evaluation was performed immediately before surgery. None of the patients had shown weight changes greater than 2 kg during the 3 months before the baseline evaluation. All evaluations were performed in the morning, in a 12 ± 14-h post-absorptive state, on an out-patient basis. In the same morning, total body multi-slices magnetic resonance imaging (MRI) and several anthropometric measurements were carried out. At baseline and at the end of the study, venous blood sampling was performed for the determination of blood glucose, plasma insulin, total-cholesterol, HDL-cholesterol and triglycerides.
LAP-BAND
LAP-BAND was performed according to Favretti et al. 15 The operation was performed with a 13-mmwide band (INAMED, Carpinteria, CA) speci®cally designed for the laparascopic approach. This band has a standard size, and it forms, when fastened, a circular ring with a 360 in¯atable section and an inside circumference of 9.75 cm. A tube connects the in¯a-table section of the band to a self-sealing subcutaneous reservoir containing saline solution. The laparascopic technique, performed with the use of ®ve ports, fully respects the main steps of the open procedure. 16 Brie¯y, the band is applied around the stomach just below the cardia, creating a small upper pouch and a narrow stoma. The pouch size (`virtual pouch' based on a 25 ml measurement) is accurately calibrated with the use of a speci®cally developed naso-gastric calibration tube (INAMED, Caprinteria, CA). The stoma diameter is also accurately calibrated intraoperatively with the use of a speci®cally developed gastrostenometer electronic sensor (INAMED, Carpinteria, CA). Saline solution is injected into the band just until the fourth light of the gastrostenometer electronic sensor is illuminated (corresponding to a stoma size of 12.5 mm), as originally described by Kuzmak. 16 However, we previously described that with this band calibration a minority of patients (about 15%) complained of a high vomiting frequency after surgery and had a worse prognosis. 13 Therefore, to prevent vomiting, we chose to perform in the obese patients operated with LAP-BAND at our institution a wider band calibration intraoperatively and to adjust the stoma diameter to the patient's needs postoperatively. 17 At the end of the calibration procedure, the saline solution is removed and the band remains completely de¯ated. The neostoma diameter obtained after the band de¯ation is not measured; the volume of saline solution needed to achieve the 12.5-mm stoma size is recorded and is used as a guideline for further postoperative band adjustments. The subcutaneous reservoir is ®nally placed and ®xed to the abdominal aponeurosis of the left hypocondrium.
The nutritional management that we used in the patients with LAP-BAND has also been previously described. 13 At discharge, patients were instructed to follow a modi®ed liquid diet for 4 weeks. Thereafter, a solid diet was given. The solid diet contains an inventory of the foods permitted and a list of rules speci®cally developed for patients with gastric restriction. Both the liquid and the solid diets were arranged to ®t a 24-h energy intake of 2.5 MJ (40% protein; 25% fat; 35% carbohydrate). However, the energy intake of the individual patient could vary, because it depended both on the compliance of the patient and on the band calibration. In particular, the sensation of satiety produced by LAP-BAND depends on the consistency of the food, with very early satiety after the ingestion of solid food and late or no satiety after the ingestion of liquid or soft food. Therefore, the energy intake could vary according to the food choices made by the patient. In the case of weight stabilization (less than 4 kg of body weight loss in the last month), and only if at least one solid food item per meal was ingested and a low vomiting frequency was observed, the neostoma could be tightened. The adjustment procedure, performed on an out-patient Visceral fat loss after LAP-BAND L Busetto et al basis, simply consists of the injection in the subcutaneous reservoir of a few ml of saline solution. No more than 2 ml of saline solution was injected. After in¯ation, the banding competence was always controlled with a barium swallow.
Anthropometry
All anthropometric measurements were made with the subjects wearing only light clothes without shoes. Height was measured to the nearest 0.01 m using a wall-mounted stadiometer. Body weight was determined to the nearest 0.05 kg using a calibrated balance beam scale. BMI was calculated as weight (kg) divided by the height-squared (m 2 ). Body circumferences were measured with a plastic tape measure on subjects in the standing position, at the end of a gentle expiration, at the following levels: waist (midway between the lower rib margin and the iliac crest) and hip (widest circumference over the great trochanters). For each circumference three measurements were collected and averaged. The waist : hip ratio (WHR) was then calculated. The same investigator made all anthropometric measurements.
MRI
Total body multi-slices MRI was performed according to Ross et al 18 with a Philips Gyroscan 1.5 T whole body scanner (Philips Medical Systems, Best, The Netherlands). A spin-echo sequence with a 500-ms repetition time and 20-ms echo time was used. The subjects entered into the magnet (feet ®rst) with arms placed straight above the head. To plan the image acquisition, a sagittal image of the abdominal region was taken to identify the intervertebral space between the fourth and the ®fth lumbar vertebrae (L4 ± L5). Transverse slices (10 mm thick) were then acquired every 50 mm, beginning at the L4 ± L5 space and continuing toward the feet. The subjects were then required to exit and re-enter (head ®rst). The L4 ± L5 space was newly identi®ed and a new set of images was acquired from L4 ± L5 to the hands. All images were acquired on a 256 matrix with a 500-mm ®eld of view. To cover the entire body, six data sets (seven images each set) were required. Therefore, 42 images were acquired in each subject. One of the duplicate L4 ± L5 images was removed, and thus 41 images were used in the analysis. Images were numbered from 1 (feet) to 41 (hands), with image no. 21 representing the centre (L4 ± L5).
Because of the relatively long acquisition time of MRI, as compared with computerized tomography, movement artefacts of the abdomen due to breathing and intestinal movements are a possible source of error, particularly for the assessment of visceral fat. 19 We attempted to reduce these artefacts by using signal averaging. 18 Four averages were used in the scans taken at the abdominal region (8-min acquisition) and two averages were used in all other scans (4 min). The total acquisition time was about 30 min. The total time requested for the MRI procedure was about 1 h.
All images were transferred onto a personal computer and AT areas were measured in each scan by means of public domain image analysis software (Image, National Institutes of Health, Research Services Branch). In MRI the emitted signal intensity is re¯ected in the degree of pixel shading and expressed in arbitrary units from a minimum (blacks) to a maximum (white) value. As noted by previous authors, 10, 18 the range of intensities for AT classi®ca-tion may vary between images. Therefore, the optimal threshold for AT identi®cation was visually selected scan by scan, using the grey level histogram of a scan region clearly represented by AT as the reference. In most cases, the optimal threshold for AT was 130 (on a scale of 256). After thresholding was performed, all scans were reviewed for veri®cation of AT segmentation. In some images not all AT was correctly labelled, because of variation of the signal intensity associated with AT within the scan (partial volume effects). 10, 18 Errors in AT segmentation were then manually corrected by computer editing. In scans containing both visceral and subcutaneous adipose tissue, the selection of the threshold value was performed on the basis of the best delineation of visceral fat, and thereafter we manually corrected eventual errors in the segmentation of subcutaneous adipose tissue, which is more anatomically clearly de®ned. Because of dif®culties in distinguishing between bone marrow and AT in the head region, the head was completely labelled as non-AT tissue. Similarly the feet below the ankle and the hands below the wrist were labelled as non-AT tissue. 18 In scans containing deeply located AT, subcutaneous and visceral AT were divided by drawing a line along the internal border of the thoracic, abdominal and back muscles. Visceral and subcutaneous AT were then labelled by assigning them different colour codes. The AT areas were ®nally computed automatically by summing AT pixels and multiplying by the pixel surface area.
Total and regional AT volumes were calculated by adding the volumes of truncated pyramids de®ned by pairs of consecutive slices according to the formula proposed by Ross et al. 18 Total AT volume was calculated using all slices (from slice no. 1 to slice no. 41). Abdominal subcutaneous AT volume was calculated from one slice below L4 ± L5 (slice no. 20) to the slice in which the upper limit of the liver and the lower limit of the lungs are visible (slice no. 26 in most cases). Gluteo-femoral subcutaneous AT volume was calculated from one slice below the pubic symphysis (slice no. 16 in most cases) to one slice below L4 ± L5 (slice no. 20). Abdominal visceral AT volume was calculated in the same region as abdominal subcutaneous AT volume.
The reproducibility of the process of image analysis was assessed from repeated measurements of the one set of images obtained in all subjects at each evaluation. The same investigator performed the two meaVisceral fat loss after LAP-BAND L Busetto et al surements more than six months apart. Coef®cients of variation (CVs) were lower than 1% (range 0.2 ± 2.0%) for total, abdominal subcutaneous and gluteofemoral subcutaneous AT. For visceral AT, the CV was 1.9% (range 0.8 ± 2.9%). FM was calculated from MRI determined total AT volume and AT density. AT was assumed to contain 80% fat, 2% protein, 18% water, 20 with corresponding densities of 0.900, 1.340 and 0.993 kgal, 21 giving an AT density of 0.9255 kgal. Fat-free mass (FFM) was calculated as body weight minus fat mass (FM).
Metabolic variables
Blood samples were kept at 4 C for 1 h, and then centrifuged at 3000 rpm for 10 min at 4 C. Serum and plasma were kept at 4 C and assayed within 3 h. For determination of insulin, samples of plasma were immediately frozen and stored at 7 20 C until assay. Glucose level was measured by a hexokinaseaglucose-6-phosphate dehydrogenase method. 22 Plasma insulin was determined by a radioimmunoassay kit 23 (Insulin Myria; TechnoGenetics, Milano, Italy) with a lower limit of sensitivity of 0.3 mUaml, interassay coef®cents of variation 2.9 ± 4.8%, and cross-reactivity with proinsulin of 33%. Total-cholesterol and triglycerides were measured by standard enzymatic-colorimetric methods. 24, 25 HDL-cholesterol was determined after selective lipoproteins precipitation with a magnetic antibody. 26 
Statistical analysis
All data are presented as meansAE s.d. Differences between numeric variables were analaysed by paired or unpaired Student's t-test, as appropriate. The relationships between numeric variables were studied by simple linear correlation anlaysis. Giving the low number of observations and the high degree of covariance between variables, multivariate analysis techniques were not applied.
Results
Body weight and body composition
Descriptive characteristics of the six premenopausal women before, 8 weeks, and 24 weeks after LAP-BAND are reported in Table 1 . As de®ned in the methods section, all subjects were morbid obese patients at baseline, with similar levels of body weight (range 99.5 ± 113.9 kg) and BMI (range 41.4 ± 44.2 kgam 2 ). Eight weeks after LAP-BAND, a weight loss of 9.9 AE 3.8 kg (range 3.9 ± 13.1 kg) was observed, corresponding to a 9.3 AE 3.8% reduction of body weight (range 3.6 ± 13.2%). In the 8 ± 24 weeks period, a further weight loss of 7.1 AE 4.9 kg (range 2.4 ± 16.2 kg) was accomplished, corresponding to a further 6.7 AE 4.6% reduction of body weight from baseline (range 2.2 ± 15.3%). None of the patients had major or minor surgical complications. Postoperative adjustment of the band was requested in all but one of the patients. In four subjects single band in¯ation was performed immediately after the 8 weeks evaluation. In the remaining patient a ®rst band adjustment was performed 16 weeks after LAP-BAND, and a second band in¯ation 4 weeks later.
The sustained weight loss observed after LAP-BAND (a global 16% reduction of body weight) was accompanied by changes of body composition, with signi®cant reductions of both FM and FFM levels ( Table 1) . FM represented 38.3 AE 2.2% of body weight at baseline, 38.0AE 3.4% at 8 weeks, and 34.3AE 4.4% at 24 weeks after LAP-BAND (P`0.05 from baseline).
Adispose tissue volumes
The changes of AT volumes observed in the six premenopausal women operated with LAP-BAND are also reported in Table 1 . Total AT showed a statistically signi®cant reduction of 6.2 AE 4.0 l in the ®rst 8 weeks and a further signi®cant reduction of Visceral fat loss after LAP-BAND L Busetto et al 7.7 AE 3.9 l in the last 16 weeks (P`0.01 from baseline). A similar trend was observed for both abdominal subcutaneous AT (2.2 AE 1.4 l in the ®rst 8 weeks, P`0.05 from baseline; 1.5 AE 1.0 l in the last 16 weeks, P`0.05 from baseline) and for gluteo-femoral subcutaneous AT (1.6 AE 1.2 l in the ®rst 8 weeks, P`0.05 from baseline; 1.4 AE 0.7 l in the last 16 weeks, P`0.05 from baseline). On the other hand, visceral AT showed a statistically signi®cant reduction of 1.0 AE 0.9 l in the ®rst 8 weeks (P`0.05) and a further not signi®cant reduction of 0.6 AE 0.7 l in the last 16 weeks (P`0.05 from baseline). The relative changes of total and regional AT volumes, calculated as percentage changes from the baseline level, are represented in Figure 1 . To allow a more direct comparison between different periods of observation, the data in the ®gure are expressed as percentage reduction of the AT volume per week of observation. In the ®rst 8 weeks after LAP-BAND (weeks 0 ± 8), the relative reduction of visceral AT was higher than the relative reduction of both total AT and gluteo-femoral subcutaneous AT. In this period, the percentage reduction was 11.5AE 7.9% for total AT, 13.0 AE 8.5% for abdominal subcutaneous AT, 10.7AE 8.1%
for gluteo-femoral AT, and 19.6AE 14.7% for visceral AT. In the last period of observation (weeks 8 ± 24 after LAP-BAND), we did not ®nd any signi®cant difference between the relative changes of the various AT districts. In this second period, the percentage reduction was 14.1AE 7.6% for total AT, 12.5 AE 8.8% for abdominal subcutaneous AT, 12.5AE 6.4% for gluteo-femoral AT, and 13.5 AE 17.3% for visceral AT. Similarly, signi®cant differences between the variations of total and regional AT districts were not observed if the data were calculated through the whole period of observation (weeks 0 ± 24 after LAP-BAND): 25.5AE 13.1% for total AT, 25.5 AE 14.4% for abdominal subcutaneous AT, 23.2AE 12.8% for gluteo-femoral AT, and 33.1 AE 21.8% for visceral AT.
The relationships between the relative changes of total AT and those of the measured regional AT districts are investigated by simple correlation analysis in Table 2 . In all the periods of observation, a highly signi®cant correlation was observed between the reduction of total AT and the reduction of both abdominal and gluteo-femoral subcutaneous AT. The reduction in total AT volume accounted for 96% of the variance of the changes of the abdominal subcutaneous AT volume both in weeks 0 ± 8 and in weeks 8 ± 24. Similarly, the reduction in total AT accounted for 88% of the variance of the changes of gluteo-femoral subcutaneous AT in weeks 0 ± 8, and for 95% in weeks 8 ± 24. By contrast, in the ®rst 8 weeks after LAP-BAND, we did not ®nd any signi®-cant correlation between the relative reduction of total AT and the relative reduction of visceral AT. In the last 16 weeks, the reduction in total AT volume accounted for only 77% of the variance of the changes of visceral AT volume.
In a subsequent analysis both observations collected in the ®rst 8 weeks after LAP-BAND and observations collected in the last 16 weeks are simultaneously considered, leading to a total of 12 time periods (two time periods for each individual patient). In order to identify factors associated with preferential visceral fat reduction, we calculated for each of the 12 time periods the difference between the relative changes of visceral AT and the relative changes of total AT, both expressed as percentage reduction of the AT volume per week of observation. This variable, utilized as an index of the preferential visceral Figure 1 Relative reductions of total and regional adipose tissue volumes, expressed as percentage changes from baseline levels per week of observation, in the whole period of observation (0 ± 24 weeks) and separately in the ®rst 8 weeks (weeks 0 ± 8 after LAP-BAND) and in the second 16 weeks (weeks 8 ± 24 after LAP-BAND). TAT: total adipose tissue volume; AB-SAT: abdominal subcutaneous adipose tissue volume; GF-SAT: gluteofemoral subcutaneous adipose tissue volume; VAT: abdominal visceral adipose tissue volume. Error bars represent standard deviation. Differences between total and regional adipose tissue volumes were tested by unpaired Student's t-test. Signi®cant differences were found only in the 0 ± 8 weeks period, between VAT and TAT (P`0.05) and between VAT and GF-SAT (P`0.05). 
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AT loss, had a positive value when the loss of visceral fat was higher than the reduction of total AT and a negative value when the reduction of visceral AT was lower than expected. The relationships between this new index and several other variables are investigated by simple correlation analysis in Table 3 . The only variables found to be associated were the initial visceral AT volume, the absolute level of weight loss (kg) per week of observation, and the relative level of weight loss (%) per week of observation. The relationship between the index of visceral AT loss and the initial level of visceral fat deposition and the relationship between the index of visceral AT loss and the weight loss per week of observation are graphically represented in Figure 2 . As shown by the respective intercepts of the regression lines on the y-axis, a preferential visceral AT loss can be expected when the initial visceral AT volume is higher than 3.49 l or when the weight loss is higher than 0.678 kgaweek.
Anthropometry and MRI
By anthropometry, all patients can be classi®ed as upper body obese subjects at baseline, according to the proposed cut-offs of 100 cm for waist circumference 27 and of 0.85 for WHR levels. 28 The waist circumference ranged from 112 to 131 cm and the WHR from 0.92 to 1.09. Accordingly, all but one patient can be classi®ed as visceral obese subjects according to the proposed cut-off of 130 cm 2 for visceral adipose tissue area at the abdominal level, above which substantial alterations in plasma glucose ± insulin and lipoprotein pro®le may be found 29 (range 110 ± 222 cm 2 ). However, we did not ®nd any signi®cant correlation between waist circumference and WHR and visceral AT volume at baseline.
The sustained weight loss produced by LAP-BAND was accompanied by signi®cant reductions of both waist circumference and WHR (Table 1) . However, waist circumference fell below 100 cm in only three out of six subjects, and WHR fell below 0.85 only in one patient. According to the MRI data, all but one of the subjects had visceral fat area at the abdominal level lower than 130 cm 2 after weight loss (range 53 ± 131 cm 2 ). This means that only three patients can be classi®ed at low risk by both waist circumference and visceral fat area after weight loss, and only one by both WHR and visceral fat area. Moreover, we did not ®nd any signi®cant correlation between the reduction of waist circumference or the changes of WHR and the reduction of visceral AT volume, as measured by total body multi-slices MRI.
Metabolic variables and MRI
The metabolic pro®les of the six premenopausal women at baseline and at the end of the study are reported in Table 4 . The lipid levels of the subjects were substantially normal at baseline and did not change appreciably thereafter. Both the fasting blood glucose and the fasting plasma insulin concentrations fell substantially after LAP-BAND, with a Visceral fat loss after LAP-BAND L Busetto et al 12.0AE 6.2% reduction for the glucose levels and a 34.2AE 10.9% reduction for the insulin values. However, giving the substantial variability in the baseline levels of these two metabolic parameters, with a range spanning from very low glucose and insulin levels to frankly hyperglycaemic hyperinsulinaemic subjects, the differences between the values before and the values after LAP-BAND did not reached the statistical signi®cance. At baseline, we did not ®nd any signi®-cant correlation between the metabolic parameters and body composition or fat distribution variables. The percentage change of the insulin levels from baseline was related to the changes of both visceral (r 0.89; P`0.05) and abdominal subcutaneous AT (r 0.86; P`0.05). No other statistically signi®cant relationships were found between the changes of the metabolic parameters and the variations of body composition or fat distribution after LAP-BAND.
Discussion
In this study, we evaluated total and regional fat losses, with a particular emphasis on visceral AT, in a well-selected small group of morbid obese premenopausal women operated with LAP-BAND. Body composition and fat distribution were analysed with a highly sophisticated total body multi-slices MRI methodology. We found that, in the phase of rapid weight loss following gastric surgery, a preferential reduction of visceral fat, as compared with total and subcutaneous AT, can occur. However, this preferential visceral fat loss did not occur in all patients. A high level of visceral fat deposition at baseline and a higher weight loss after LAP-BAND were both predictors of preferential visceral fat mobilization. At present, computed tomography is considered thè gold standard' method for measuring the volumes of subcutaneous and visceral AT in vivo.
30 ± 32 However, total body CT involves the exposure to a not negligible dose of radiation, making this method unacceptable for experimental protocols requiring multiple measurements on human beings. In this study, aimed at exploring fat distribution in obese subjects before and after weight loss, a method not involving X-ray exposure was requested, and we chose to utilize total body multislices MRI. MRI permits a good visualization of AT 33 and it has been recently validated against cadaver analysis as a reliable method for the estimation of the amount and distribution of body fat in humans. 11 However, MRI imaging presents some technical problems, both at the stage of image acquisition and at the level of image analysis. Acquisition time is longer in MRI than in CT. This makes this technique more susceptible to movement artefacts. 19 Respiratory and bowel movements particularly affect visceral fat at the abdominal level. 34 ± 36 Moreover, in MRI the range of intensities for AT classi®cation may vary both between and within images. 10, 18 Therefore, the optimal threshold for AT identi®cation has to be visually selected scan by scan and errors in segmentation related to partial volume effects have to be further manually corrected. 10, 18 The complex procedure requested for the best fat and non-fat delineation is a possible source of error. 19 In this study, we used several tools to optimize the reliability of our MRI measurements. First, in the total body multi-slices imaging method originally described by Ross et al, 18 and used in this study, a pre-scan`scout' view of the abdomen is taken and slices were then acquired every 50 mm beginning at the L4 ± L5 space. The precise anatomical location of the ®rst slice and the use of a ®xed distance between consecutive slices reduce the dif®culty of positioning the scanner at exactly the same level repeatedly in the same subjects. This improved our ability to compare the MRI images taken at different times in the individual patients and to reach reliable conclusions about variations in AT volumes between serial measurements. Second, we attempted to minimize movement artefacts by using signal averaging, particularly at the abdominal level. Signal averaging has been reported to produce a small improvement in the accuracy of MRI area measurement. 37 Third, the selection scan by scan of the optimal threshold for AT identi®cation and the manual correction of partial volume effects were made with a computerized method by a single skilled investigator for all images. Variability in the estimation of fat depots, particularly for visceral fat, can be reduced when the measurements are performed by the same experienced observer. 36 Our attention to methodological problems could have contributed to the low CVs for both total and visceral AT found in this study (`1% and about 2%, respectively). However, the large fat volumes of the six morbid obese women participating in this study represented the most probable reason for the high reliability of our measurements. In fact, large fat areas and volumes will be relatively less affected by measurement errors than small ones. 10,34 ± 36 In a study conducted on visceral obese women with BMI b 30 kgam 2 , 38 the CV for subcutaneous fat area was 0.9% and that for visceral Visceral fat loss after LAP-BAND L Busetto et al fat area was 2.3%, similar to that reported in our study.
As stated in the introduction and recently reviewed, 7 reduction of visceral fat mass has to be considered a major goal in the treatment of obesity. Nevertheless, only a few published studies evaluated the responsiveness of visceral fat to energy restriction with reliable methods (CT or MRI), and they produced confounding results. Armellini et al 39 submitted 26 obese women to a very low calorie diet (VLCD) for 15 days, with a weight loss of about 6 kg. This modest weight reduction was accomplished by a signi®cant reduction of CT-measured visceral fat area, without any modi®cation of subcutaneous fat. This result seems to suggest that the early fat loss at the beginning of a weight reduction regimen is due to a loss in visceral fat. More recently, the same authors 40 evaluated another group of 16 obese women, analysed with an abdominal single scan CT after 2 weeks of a VLCD, and after a further 14-weeks period of a 4.2 MJaday low calorie diet (LCD). At the end of the VLCD period, they con®rmed a preferential visceral fat mobilization (17.9% reduction of visceral fat area vs 7.9% reduction of subcutaneous fat area). At the end of the following LCD period, a signi®cant reduction of subcutaneous fat area appeared (23%), but the reduction of visceral fat area was still higher (40%). A preferential visceral fat mobilization after a brief course of severe energy restriction was con®rmed by Fujioka et al in a group of 40 obese women studied with CT before and after 8 weeks of a 800 kcalad diet, 6 and by Gray et al in 10 nondiabetic obese women studied with MRI before and after 10 weeks of 650 kcalad diet. 38 Conversely, Stallone et al 41 submitted 11 postmenopausal women to a 6-month treatment program (3 months VLCD, 2 months refeeding diet, 1 month LCD), and they found an identical reduction of both abdominal subcutaneous and visceral fat areas, as measured by a single scan CT. No signi®cant differences between the reduction of visceral and subcutaneous abdominal fat areas, as measured by MRI, were also found by Leenen et al 42 in 40 premenopausal women treated for 13 weeks with a 4.2 MJad energy de®cit diet. These later ®ndings seem to suggest that dietary restriction result in an overall reduction in body fat, rather than a speci®c loss from a particular site. We believe that the different timings in which the second examination has been performed could explain the contrasting results previously reported. Visceral AT has been demonstrated to be more sensitive to lipolytic stimulation compared with subcutaneous AT. 43 It is possible that the higher lipolytic responsiveness of visceral fat produces a more rapid reduction of this tissue in the ®rst phase of energy restriction. As visceral AT has been`burned out', the slower mobilization of subcutaneous AT will emerge. Therefore, an examination conducted at a later stage of weight reduction will probably not ®nd any difference between the various fat deposits. To test this hypothesis, we chose to analyse the subjects twice after surgery. We con®rmed that in the ®rst phase of weight loss (8 weeks), the relative reduction of visceral AT (19.6%) was nearly double the relative reduction of total AT (11.5%). In the second phase of observation (weeks 8 ± 24 after LAP-BAND), we did not ®nd any sign®cant difference between the relative changes of the various AT regions. Therefore, the signi®cant difference observed in the ®rst phase disappeared and, at the end of the study, the relative reductions of total (25.5%) and visceral (33.1%) AT tended to equalize.
The use of a multi-slices MRI method that measures fat content and distribution throughout the entire body makes us able to analyse separately several regional AT districts. To our knowledge, only one study previously applied a similar methodology in 24 obese premenopausal women treated for 16 weeks with severe energy intake restriction plus aerobic or resistance-weight-training exercise. 44 In that study, a preferential loss of visceral fat was con®rmed, and a preferential reduction of subcutaneous AT from the abdomen compared with the lower body was also observed. Similar results have also been found in men. 45 In the present study, the reduction of abdominal subcutaneous AT at the beginning of weight loss (13.0%) was slightly, but not signi®cantly, higher than the reduction of gluteo-femoral subcutaneous AT (10.7%). A more rapid mobilization of abdominal subcutaneous AT can be supported by the observation that abdominal adipocytes had higher lipolytic activity than adipocytes from the femoral region. 46 Moreover, Martin and Jensen reported that in premenopausal, obese women, in vivo release of free fatty acids from abdominal subcutaneous fat is greater than the release of free fatty acids from femoral fat. 47 Analysis of the individual data revealed that, in the phase of rapid weight loss following gastric surgery, a preferential visceral fat loss did not occur in all subjects. We attempted to further analyse this phenomenon by calculating for each of the 12 time periods considered the difference between the relative changes of visceral AT and the relative changes of total AT, and by analysing the relationships between this index of preferential visceral fat mobilization and several other variables (Table 3) . We found that a high level of visceral fat deposition at baseline and a higher weight loss after LAP-BAND were both predictors of a preferential visceral fat mobilization. In particular, a preferential visceral AT loss can be expected when the initial visceral AT volume is higher than 3.49 l or when the weight loss is higher than 0.678 kgaweek (Figure 2) . Because a higher weight loss should obviously result from a higher energy de®cit; it can be hypothesized that a preferential mobilization of intra-abdominal fat would occur only when the patient was submitted to certain critical levels of energy restriction.
WHR and, more recently, waist circumference, have been proposed as surrogate measures of visceral fat mass in clinical settings, in which expensive Visceral fat loss after LAP-BAND L Busetto et al methods such as CT or MRI are not readily available. In particular, a waist girth above 100 cm predicted a visceral adipose tissue area above 130 cm 2 in normalweight and overweight women, 48 and both these values were associated with an increased frequency of glucose and lipid metabolism derangements. 27 , 29 Ross et al tested the sensitivity associated with the identi®cation of critical visceral adipose tissue levels (visceral adipose tissue area b 130 cm 2 ) using waist circumference, and they found that for a waist girth of 100 cm the sensitivity was 83%, and the speci®city was 38%. 49 Similar results were found in our study in morbid obese women, in which a waist girth of 100 cm predicted a visceral fat area greater than 130 cm 2 in all but one the patients. Weight loss produced signi®cant reductions of both waist circumference and visceral fat mass. However, at the end of weight loss, all but one the patients had a visceral fat area lower than 130 cm 2 , but the waist girth fell below 100 cm in only three subjects. These results con®rmed the low sensitivity of the changes in anthropometric indexes as predictors of visceral fat mass modi®ca-tions in obese women submitted to an energy restriction program. 50 In conclusion, our study demonstrates that in the phase of rapid weight loss following gastric surgery, namely LAP-BAND, a rapid and preferential reduction of visceral fat mass could occur in morbid obese women with visceral obesity. It has been previously shown, and it was also partially con®rmed in this study, that a reduction in visceral fat was associated with metabolic improvements that included improved glucose tolerance and reduced plasma insulin and lipid levels. 6 Taken together, these results suggest that among patients with visceral obesity a substantial improvement in the metabolic pro®le may be observed after a loss of only a few kilograms of body fat, as this may be related to a greater relative reduction of the amount of visceral fat than could be expected from the reduction of body weight. However, our study also suggests that visceral fat did not always present a higher responsiveness to energy restriction. The activation of the rapid visceral fat mobilization seems to occur only in those patients presenting critical rates of weight loss. If this hypothesis will be con®rmed by other studies conducted with more standardized methodology and on larger samples, our results could be clinically relevant for the optimization of therapeutic interventions speci®cally directed at the treatment of visceral obesity.
